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ABSTRACT 

P h o t o e l e c t r i c  photometry w a s  made i n  two 
wavelength r eg ions  on a newly discovered e c l i p s i n g  
v a r i a b l e  system BV 267. 
l i g h t  elements were found t o  d i sag ree  with t h e  a c t u a l  
l i g h t  change of t h e  system and new l i g h t  elements were 
obta ined .  Also,  l i g h t  curves and o r b i t a l  s o l u t i o n s  
were obta ined .  
as an Algol type  v a r i a b l e .  

The previous ly  publ ished 

Conventionally,  BV 267 may be c l a s s i f i e d  

INTRODUCTION 

The v a r i a b l e  na tu re  of the  l i g h t  of BV 267 (BD -1-46~0985) 
was first repor t ed  by W. Strohmeier (1959). The first l i g h t  
e lements  were a l s o  r epor t ed  by W .  Strohmeier (1963) 
Commission 27. 
and H. O t t  (1963) publ ished a list of photographica l ly  
determined t i m e s  of minima and a l i g h t  curve.  
v a t i o n s  were obta ined  from sky-pa t ro l  p l a t e s  a t  R e m e i s -  
S te rnwar te  , Bamberg, Germany. I 

This  obse rve r ,  howeder, found t h a t  t h e  l i g h t  elements 
and t h e  shape of the l i g h t  curve publ ished d id  no t  agree 
w i t h  t h e  a c t v a l  l i g h t  change of t he  system observed photo- 
e l e c t r i c a l l y .  
observ ing  t h e  v a r i a b l e  system due t o  absence of c o r r e c t  l i g h t  

t o  I.A.U. 
L a t e r  i n  t h e  same year  W. Strohmeier ,  R. Knigge 

Their  obser-  

A cons iderable  d i f f i c u l t y  was encountered i n  
C 
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1 . h  
1 ' - elements.  This w a s  mainly due t o  t h e  fact  #at t h e  per iod  

is very c l o s e  to  1 .25  days and an observer  could keep 
observing BV 267 a t  its r a t h e r % c o n s t a n t  maximum l i g h t  
r epea ted ly  f o r  many n i g h t s .  By t h e  end of t h e  win ter  of 
1964, however, f a i r l y  re l iable  l i g h t  e lements  were obta ined ,  
t h u s  making it p o s s i b l e  t o  complete l i g h t  curves  dur ing  
t h e  fo l lowing  observing season ok t h e  f a l l  1964 t o  w in te r  
1965. 

\ 

" 

OBSERVATIONS 

The equipment used f o r  t h i s  work was the  15-inch 
s i d e r o s t a t  r e f r a c t o r  and P i e r c e - B l i t z s t e i n  pulse-counting 
photometer of the  Flower and Cook Observatory,  Univers i ty  
of Pennsylvania.  The e f f e c t i v e  wavelength of the  yellow 
f i l t e r  was estimated t o  be 5410 2 and t h a t  of t h e  b l u e  
f i l t e r  4250 8.  The photometer diaphragm has a diameter of 
0.0070 inch ,  which is equiva len t  t o  69 seconds of arc.  
r e s o l v i n g  t i m e  of t he  photometer w a s  found t o  be 8.5 f 0.1 
p . e .  microseconds. 

r eg ions  on 25 n i g h t s  between October 1963 and March 1964, and 
between September 1964 and January 1965. A t o t a l  of 1042 

observa t ions  i n  yellow and 1046 observa t ions  i n  b lue  were 
ob ta ined ,  from which 521 observed p o i n t s  i n  yellow and 523 p o i n t s  
i n  b lue  were g o t t e n  f o r  t h e  l i g h t  curves  through a process  
of r educ t ion  where two such observa t ions  were averaged t o  
y e i l d  one observed p o i n t .  The probable e r r o r s  of the s i n g l e  
obse rva t ion  were computed t o  be tom006 i n  yellow and +0?009 - 
i n  b lue .  

The 

The observa t ions  of BV 267 were made i n  two wavelength 

BV 267 is l o c a t e d  wi th in  half  a degree of Alpha Aurigae, 
ancl the sky bazkgrmnd is affeztec? by the l i g h t  from Alpk-zt 
Aurigae (HD 34029) , which is v i s u a l l y  classified as Om21 and 
photographica l ly  as 0?77 i n  the Henry Draper Catalog.  
s k y  background is non-uniform f o r  t h e  s t a r s  i n  the  v i c i n i t y .  

The 
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. ' - I t  was t h e r e f o r e  necessary t o  account for  t h e  d i f f e r e n c e  i n  
sky backgrounds f o r  va r i ab le ,%compar i son ,  and check stars. 

, 

For t h i s  r eason  the  sky backtround obse rva t ions  were made 
i n d i v i d u a l l y  f o r  each s t a r  i n  its immediate v i c i n i t y .  

The l i g h t  curves  of primary e c l i p s e  are  no t  q u i t e  
symmetric near  t h e  shoulders .  
which may be classified as  Algol; t ype ,  b u t ,  as can be seen  
from both  the pe r iod  and the  s o l u t i o n ,  BV 267 is most l i k e l y  
a f a i r l y  c l o s e  p a i r .  I n  a d d i t i o n ,  t h e  primary component 
is  c l a s s i f i e d  as  a B9 s tar .  Such an e a r l y  type  s t a r ,  even 
a s  a s i n g l e  s t a r ,  o f t e n  has an  extended atmosphere. I t  
is  t h e n  no t  very  unreasonable t o  assume t h a t  there ex is t s  
c i r c u m - s t e l l a r  ma t t e r  t h a t  causes  some p e r t u r b a t i o n s  of t he  
l i g h t  curve of t h e  binaxysystem. 

The comparison and check stars are l i s t e d  i n  Table 1 
t o g e t h e r  w i t h  o t h e r  p e r t i n e n t  information.  

As a check star,  BD +46O981 was f i r s t  used ,  bu t  t h i s  

s t a r  is cons ide rab ly  f a i n t e r  than the  v a r i a b l e  and comparison 
s ta rs .  Consequently,  BD +46 973 w a s  chosen as  comparison 
at a la te r  t i m e  and w a s  used u n t i l  t h e  conclus ion  of the  
obse rva t ions .  

Judging from the  a v a i l a b l e  obse rva t ions ,  the  comparison 
and both check s t a r s  appear t o  have c o n s t a n t  l i g h t .  
-0.749 i n  yellow and mc - m chI  = -0.110 i n  b lue ;  mc - mchII 
-0.314 i n  yellow and mc - mchII = -0.435 i n  b lue .  
e r r o r  of a s i n g l e  obse rva t ion  i n  yellow was computed t o  
be f O'PO12, and i n  b l u e  0?017 f o r  check s ta r  I.  
s tar  11, the probable  e r r o r  of a s i n g l e  obse rva t ion  i n  
y e l l o w  w a s  computed t o  be -f O?Oll, and i n  b l u e  f O ' P O l O .  

T h i s  s y s t e m  has l i g h t  curves  

0 

P 

mc - mchI 

The probable  

s 

For check 

REDUCTIONS 

The r e d u c t i o n s  were c a r r i e d  o u t  u s i n g  t h e  Deltamag 
Averaging Program on IBM 7040 computer system. 
averages  consecut ive  variable o r  check s ta r  obse rva t ions  made 

T h i s  program 

between a s e t  of comparison s t a r  obse rva t ions .  The program r .  
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"i ., a p p l i e s  l i n e a r  i n t e r p o l a t i o n  f o r  t he  r e d u c t i o n  and computes 

deltamag = mc - m o r  m - m The sky background is first 
found by i n t e r p o l a t i o n  and is sub t r ac t ed .  
Averaging Program was modified f o r  the  r educ t ion  of BV 267 
so t h a t  a d i f f e r e n t  background might  be s u b t r a c t e d  f o r  each 
s ta r .  Appropriate  e x t i n c t i o n  c o e f f i c i e n t s  may be ass igned  
t o  each s ta r ,  and t h e  program a p p l i e s  t h e  d i f f e r e n t i a l  
e x t i n c t i o n  c o r r e c t i o n .  
l igh t - t ime c o r r e c t i o n  and g ives  t he  h e l i o c e n t r i c  J u l i a n  ! 

Date. The computed magnitude d i f f e r e n c e s  are also c o r r e c t e d  
f o r  r e s o l v i n g  t i m e  of t h e  P i e r c e - B l i t z s t e i n  pulse-counting 
photometer . 

" '  

. 
V C ch '  

The Deltamag 

The program a l s o  a p p l i e s  t h e  

I 

LIGHT ELEMJWI"T 

The first l i g h t  elements publ ished by W. Strohmeier ,  . _  
R. Knigge, and H. O t t  (1963) were as fo l lows:  

Min = J.D. 2426650.570 + Od684315 E 

The photographica l ly  observed t i m e s  of minima and l i g h t  
curve  were also publ ished toge ther  w i t h  t h e  l i g h t  elements.  
These l i g h t  e lements ,  however, proved t o  be i n c o r r e c t  af ter  
p h o t o e l e c t r i c  obse rva t ion  was started. 

As discovered l a t e r ,  the per iod  of BV 267 is c l o s e  t o  
1 .25  days w i t h  the  same phase r e p e a t i n g  i tself  a t  approxi-  
mately t h e  same t i m e  of t he  n ight  on every f i f t h  date. If 
one happens t o  be observing t h e  ra ther  f l a t  maxima, which 

l a s t  s e v e r a l  hours ,  on every n ight  he happens t o  be observ ing ,  
he may no t  be able t o  have any idea about t he  pe r iod  of t h e  
v a r i a b l e  f o r  a long  t i m e .  I n  fac t ,  a f t e r  a f o r t u n a t e  observa- 
t i o n  of t he  primary minimum i n  the  very beginning, t h i s  
observer  kep t  missing another  primary minimum f o r  q u i t e  a 
w h i l e  s i n c e  the  t r u e  per iod  was unknown t o  h i m .  Various 
p o s s i b i l i t i e s ,  i nc lud ing  twice and thrice t h e  publ ished 
p e r i o d ,  were t r i e d  t o  p r e d i c t  another t i m e  of minimum l i g h t ,  
w i t h  no success .  I t  was the  observa t ion  of three secondary 
minima, though q u i t e  shal low,  t h a t  fu rn i shed  a c l u e  t o  t h e  

c o r r e c t  per iod .  I t  w a s  no t iced  on J .D.  2438385 t h a t  t h i s  
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shal low secondary minimum had occurred a t  approximately 
t h e  same t i m e  of t h e  n i g h t  a t  35 and 5 day i n t e r v a l s .  
was t hen  assumed t h a t  t h e  period was c l o s e  t o  a q u a n t i t y  
ob ta inab le  by d iv id ing  5 days by some i n t e g e r .  
approximate estimates may be made by t h i s  method, because 
it was no t  p o s s i b l e  t o  de te rmine  a c c u r a t e l y  t h e  times of 
secondary minimum l i g h t  f o r  such shal low e c l i p s e s .  
i n t e r v a l  of 5 days was divided by i n t e g e r s  1 through 6 ,  since 
a pe r iod  s h o r t e r  t han  5/6  day was no t  c o n s i s t e n t  w i t h  t he  
observa t ions  a l r eady  a v a i l a b l e .  
t o  f i t  the  a l r eady  a v a i l a b l e  observa t ions .  

Another primary minimum covering most 
was observed on J .D.  2438402, as w a s  p r e d i c t e d  by the  new 
l i g h t  e lements .  On J.D. 2438442 another  primary e c l i p s e  
was observed, t h i s  t i m e  r i g h t  a t  phase 0.0,  though most of 
t h e  egress w a s  missed. I t  was no t  u n t i l  the  f a l l  of 1964, 
however, t h a t  r e a l l y  re l iable  l i g h t  elements were es tab l i shed .  

From two best-covered primary minima, one on J .D .  2438327 
and another  on J . D .  2438700, new c o r r e c t  l i g h t  elements 
were der ived .  The o the r  observa t ions  of t i m e s  of primary 
minima, on J.D. 2438442 and J . D .  2438680 agreed w i t h  t h e  new 
l i g h t  elements q u i t e  w e l l .  
u s e d  f o r  t h e  d e r i v a t i o n  o f . l i g h t  elements s i n c e  t h e  coverage 
of the  e c l i p s e  was not  very long; a least squa res  c a l c u l a t i o n  
u s i n g  a l l the t i m e s  of minima was n o t  j u s t i f i e d .  

of secondary minima were a l s o  evaluated and found t o  agree 
w e l l  w i t h  phase 0.5. 
sha l low,  t h i s  does not  f u r n i s h  us w i t h  a c c u r a t e  information 
r e g a r d i n g  t h e  e c c e n t r i c i t y  and :3 of the  o r b i t .  S ince  there 
was no evidence to the c ~ ~ f i r y ,  a circ?llar crbit w8s assuiiied 
for t he  s o l u t i o n .  

graphic t i m e s  of minima, they could not  be incorpora ted  i n  
t h i s  pe r iod  s tudy .  

I t  

Only 

The 

5/4 days = 1.25 days seemed 

of t h e  i n g r e s s  

Those t i m e s  of minima were not  

All the  t i m e s  

However, s i n c e  secondary minimum is 

Since  no c o n s i s t e n t  r e l a t i o n  w a s  found w i t h  the  photo- 
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The two t i m e s  of primary minima used for t h e  d e r i v a t i o n  
of t h e  l i g h t  elements are: 

J .D.  2438327.7867 and J . D .  2438700.7403 

The new l i g h t  elements f o r  BV 267 are: 

hlin = J.D. 2438327.7867 + 1d2473364 E 
The method used f o r  d e t e r m i n h g  t h e  t i m e s  of minima 

was t h e  t r a c i n g  paper method. 

RECTI FI CAT1 ON 

Four ie r  c o e f f i c i e n t s  used f o r  
ob ta ined  assuming t h e  l i g h t  change 
o u t s i d e  e c l i p s e  t o  be expressed by 
Four ie r  ser ies  : 

= + A~ case + A~ COS 20 + 

r e c t i f i c a t i o n  were 
of t h e  e c l i p s i n g  system 
t h e  fo l lowing  tunca ted  

B1 s i n e  + B2 s i n  28. 

Normal p o i n t s  were used  for t h e  r e c t i f i c a t i o n .  
were computed so t h a t  Am = mv - m 
F o u r i e r . a n a l y s i s  and t h e  r e c t i f i c a t i o n  were c a r r i e d  o u t  
u s ing  t h e  Four ie r  C o e f f i c i e n t s  Program and t h e  S impl i f i ed  
R e c t i f i c a t i o n  Program. The Fourier  C o e f f i c i e n t s  t hus  
coaputed are given i n  Table 2. 

They 
= o a t  t h e  maximum l i g h t .  

C 

BV 267 has a negat ive  A1 as the theory  of r e f l e c t i o n  
p r e d i c t s .  Hence, t h e  r e f l e c t i o n  c o e f f i c i e n t s  used f o r  t h e  

r e c t i f i c a t i o n  were computed by t h e  s t anda rd  method by H. N .  
R u s s e l l  and J. E. hlerrill.  

SOLUTION 
~ 

The s o l u t i o n  was made us ing  J. E. Merrill 's nomographs 
and tables f o r  t h e  s o l u t i o n  of l i g h t  curves  of e c l i p s i n g  
b i n a r i e s  (1950). The n o t a t i o n  used is t h e  same as defined 
Sy H. N. Russe l l  and J. E. Merrill (19521, u n l e s s  otherwise 
s ta ted .  
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The yellow s o l u t i o n  was found u s i n g  t h e  nomagraph f o r  
) i=  0.6,  and t h e  b l u e  s o l u t i o n  us ing  t h a t  f o r  x = O.S. The 
i n t e r s e c t i o n  of t h e  depth- re la t ion  l i n e  and t h e  shape- 
r e l a t i o n  curve  w a s  found t o  be t a n g e n t i a l ,  i n d i c a t i n g  t h a t  
there may be more than  one p o s s i b i l i t y  of s o l u t i o n  a t  about  
k = 0.65 t o  0.67. 

I t  was hence decided t h a t  v i r i o u s  sets  of v a l u e s  of k, 
O C ,  and a:r be t r i e d  t o  f i n d  t h e  b e s t  s o l u t i o n  p o s s i b l e .  

From t h e  nomographic s o l u t i o n ,  a s o l u t i o n  d i d  n o t  appear  
p o s s i b l e  under t h e  assumption t h a t  t h e  primary minimum is  
ai1 o c c u l t a t i o n ;  n e v e r t h e l e s s ,  a t h e o r e t i c a l  l i g h t  curve  was 
coxputed before  d ismiss ing  t h i s  approach e n t i r e l y .  

t h e  depth r e l a t i o n  and Merrill's tab les  (1950), and theore-  
t i c a l  l i g h t  cu rves  were c a l c u l a t e d  f o r  each set .  
0 . 4 ,  0.6 and 0 .S  were t r i e d  before  x = 0.6 f o r  yel low and 
x = 0.8 f o r  b l u e  were selected as  t h e  b e s t  v a l u e s  of l i m b  

darkening c o e f f i c i e n t .  The s p e c t r a l  t ype  of t h e  smaller,  
f a i n t e r  component was estimated t o  be F2 t o  F3. 

OO 

Severa l  sets of k, a:', and were computed from 

x = 0 .2 ,  

CONCLUSIONS 

Convent ional ly ,  BV 267 may be c lass i f ied  as a n  Algol 

I n  o rde r  f o r  u s  t o  l e a r n  something about  t he  a b s o l u t e  
t y p e  e c l i p s i n g  v a r i a b l e .  

dimension of t h i s  e c l i p s i n g  system, w e  need a rad ia l  v e l o c i t y  
cu rve  and o r b i t a l  e lements  determined therefrom. However, 
t h e  l i g h t  of t h e  secondary component is only  about  6% of 
the t o t a l  l i g h t  i n  b l u e ,  where the p l a t e s  are u s u a l l y  more 
s e n s i t i v e ,  and it is r a t h e r  u n l i k e l y  t h a t  t h e  secondary 
spectrum could  be observed on a spectrogram. Spec t roscop ica l ly ,  
BV 267 w i l l  probably be a one-spectrum system, 
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Table 1 

Variable, Comparison and Check Stars 

Star €3.33. No. H.D.No. S.P.Type R.A. (1964) Dee. (1964) 

-1-46~20 8 h m s  5 12 50.9 BV 267 -1-46~0985 33853 (B9) 

+46O07!3 Comparison 45'1076 *(F2) 5 13 47.8 > 
h m s  

+46O20 2 h m s  Check I +46O0981 33732 ( (35)  5 11 58.9 

Check I1 46'0973 33381 (F5) 5 h m s  09 34.5 +46'26: 1 

The asterisk,* indicates.that the spectral type was estimated 
from the color (mb - m ) of the star, which was reduced to 
outside the earth's atmosphere. 
comparison star in Johnson and Morgan's system is approximately 
Om48. 

Catalog because of its nearness to Alpha Aurigae. 

Y 
The color  (mb - m ) of the Y 

This star 'was probably not included in the Henry Draper 



Table 2 

Fourier Coefficients w i t h  p.e.*s f o r  BV 267 

x *o Al A2 B1 B2 

Y e l l o w  +.9704 -. 0211 -. 0281 +. 0003 +. 0027 
+ - 12 + - 06 06 

Blue 1.9748 -. 0155 -. 0206 +.0026 +.0027 

+ 15 - - + 07 08 

2 07 + - 09 

+ 12 - + . 10 

. .  
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Table 3 

Quactities for BV 267 Determined from 
~~~~ 

Photoelectric Orbital Solution 

Geonetrical Quantities 

= 0.65 

= 0.39 

= 0.38 

= 0.25 

= 0.24 

= 77?0 

= 3S?O 

= -0.63 

= 0.02 

Jh/Jc = J$Js, and 

Photometric Quantities 

Yellow Blue 

X = 0.6 X = 0.8 

= 0.943 

= 0.057 
g 

L = 0.923 L 

= 0.077 
g 

LS LS 

aoC = 0.86 

a tr = 0.77 

1-!OC= 0.051 

tr= 0.352 

0 

0 

uoC = 0.85 

tr = 0.78 

1- .OC= 0.055 

0 

aO 

’. 0 - ;O 

1- 0 tr= 0.334 l-io 

Jh/Jc= 5.12 Jh/Jc= 6.94 

the smaller, cooler star is in 

front at the time of primary minimum, i.e., the primary 

minimum is a transit eclipse. 
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Table 4a Observatdions of BV 267, Yellow 

‘? - - _. .._ - 

JD Hel. . I JD Hel. 
2438000+ Phase Am( c-v) f 2438000+ Phase Am( c-v) 

327.70473 0,93428 -0,075 345.86568 0.49406 -0,014 

,72153 0,94775 -0,186 .8787a 0.50457 -0,017 
073233 0.95641 -0.241 88478 o , 50938 -0 , 032 
i73833::t ‘0.96122 -0.281 ,89138 0.51467 -0,018 

. ,74673 0.96795 -00.322 ,90098 0,52236 -0,008 

,77043 0,98695 -O,&%O ,92018 0,53776 -0.006 

-78393 0.99777 -0,470 -93518 0,54978 w.oio . 
,79053 0,00307 -0.462 349.66202 0,53762 -0,010 

,80733 0.01653 -0,419 -67762 0.55013 +0,012 

,82233 0,02856 -0,349 , 69322 o , 56263 w , 030 
,83073 0.03529 -0,300 . . ,69982 0.56793 w.039 

.71373.. 0.94149 -0,140 ,87038 0,49783 -9.0021 

075273 0.97276 -0.337 ,90728 0.52742 -0.006 * 

,76023 0,97877 -0,397 . ,91418 0.53295 W.003 

..77733 0.99248 -0.456 -92858 0.54449 w .016  

, ,79953 0001028 -0.433 ,66862 0,54291 -0.012 

,81573 0,02327 -0.382 . ,68362 0.55494 ‘W.032 

-_ ,83793 0.04107 -0,263 ,70972 0.57586 1-0.062 . 
,84453 0,04636 -0.217 ’ - ,71542 0.58043 +0.043 
,85053 0,05117 -0,199 .72682 V;58957 W.048 

4.-85953 0,05838 -0.132 358,71405 0.79471 ‘ ~ ~ 0 6 2  
,86553 0,06319 -0,116 ~ 2 3 6 5  0.80241 ~ 1 . 0 6 3  . 
,87153 0.06800 -0.094 ,73055 0,80794 w . 0 7 6  

,80475 0,86742 W.027 
,88773 0,08099 -0.044 
,89373 0,08580 -0.017 ,83115 0.88859 W.033 
,89973 0,09061 -0.002 ,83955 0,89532 w .029  . 
,90633 000g5go .o,ooo , .84555 0,90013 1-0.020 . 

078998 0,43337 W.038 - , ,85995 0.91168 -0,014 . 
-79838 0 , ~ O l l  1-0.030 ,86895 * 0.91889 -0,040 
,80438 0044-!k92 1-0.027 ,87495 0.923?0 -0,056 

,88095 0,92851 ’-0,073 

,89415 0,93 1 0  -0.lZ9 
,81998 0,45743 30,008 
,82688. a.46296 o,ooo 
,83618 0.47041 -0.094 .90075 0 0 9  39 -0,168 
,84218 0.47522 -0,010 ,90675 0,34920 -0,185 

. ,82515 0.88378 - t O . O 3 l * .  . 
e 87753 0,07281 -0,079 

345.77858 0,42424 W.053 . I ,85335 0,90639 .+0.004. 

n - C l n ~  6 J I r 9 L 3 .  9.n’rj - e0l)YO VI -TJ I -VL I  

. ,88755 0,93381 -O.O8*? 

4 l  

. ,85118 0,48244 -0,006 ,91515 Oe95593 -0,222 
. ,85718 Q.48725 -0.025 

,92115 .0.96074 -0,265 - *  -. . 

- -  
, .  . <  . 

. >  ’ . .  
r; ”- - Gza -- IIc_ 
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Table 4a Continued 
_ _  - -- *! 

, JD Hel. 
243 80 00 f 

' 358 92715 
= 93315 
93915 
-94515 

380.54239 
55019 

. 056159 
9 56759 
57659 

. 058319 
59339 

. 059999 . 60839 . 61499 . 62099 . 63629 

' 072739 
073339 
74179 
74839 
75679 

Phase 

0.96555 
0 970% 
0 0 97517 
0.97998 
0.29467 
0.30093 
0.31006 
0.31487 
0.32209 
0 -32738 
0 033556 
0,34085 
0 034.758 
0.35288 
0,35769 
0,36995 
0,41220 
0,42182 
0,43144 
0,43625 

JD He1 I .  

Am(c-v)" '' 2438000+ Phase 

-0.307 
-0 330 
-0.345 
-0.384 
W.073 
W.096 
W.081 
4-0.073 
W.082 
40.085 
w.063 
W.080 

4-0.076 
w.076 

30.047 

w-093 

.-to . 058 
W.058 .. 

+O . 041 
q.028 

0 55507 
0 55988 
0 . 27676 
0 , 28493 
0.29071 
0,29840 
.0.30466 
0.31332 
0*32197 
0.32678 
0.33400 
0.33977 
0 , 34651 
0,35132 
0.39461 
0 . 40182 
0.40663 
0.41433 
0.42155 
0 . 428 28 

Am(C-v j 
+0.020 * 

W.028 
W.097 I 

W.108 ' 

3.086 . 
+o 9 099 
-tO.100 ' 

3.098 
3.082 
W.083 

+0008Z 
-to. 068 
r-0-074 
t-o.077 
w.069 . 
w.077 
+0.066 
+o-066 

+0,090 . 

+0.040 
0,4~!+299 +0.035 .70439 0.43309 +0.042 
0.44780 3-0.025 --71279 0.43982 W.022 

0.45982 W.008 072599 0.45041 +0.009 
0,46656 +0,025 .73439 0,45714 ' -0.003 

0.47810 -0.012 .74639 0.46676 w.007 . 

0.49590 -0.012, - .76859 0.48456 -0,011 

0.51274 -0,024 ,78959 0.50140 -0,028 

0.45453 -0,007 ,71939 0.44512 w.009 

0.b7137 W.018 074039 0.46195 -0.003 

0,48363 -0.004 ' -75239 0.47157 -0.011 
0,49061 -0,024 076239 0-47975 -Oo012 

0.50312 -0.027 , .77699 0.49izg -0.017 
O.j0?93 -O,OL? . . ' e78299 0.49610 -0,025 

0051995 -0.018 . 079919. 0050909 -0.028 
0,52524 -0.006 .'80519 0.51390 -0,003 
0.53246 -0,005 .E1239 . 0,51967 -0.016 
0.53727 -0,004 ,81839 0,52449 -0.009 

0 55026 -sg . 014 483699 0,53940 -0.006 -. . I . 
0.54545 $0 , 003 ,82859 0053266 -0,008 

. .  . .  

. .  . .  
' .  . 

. .  

. ., . . .  . ,  

V ' ,  ., 
. I .  

. .  . .  . .  . .. 

'. . .  . . ,  . ' 
. .  . 

. .:. . . .  . .  
, . .  

. .  
% .  
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JD Hel. . i 3D Hel. 
2438000+ Phase Am(c-v) ; 2438000+ Phase 

385.84359 
' -85199 
402,53026 

,54106 . 54706 - 55516 
, 56176 
,56836 
57826 
, 584-86 . 59326 
59986 

429.52072 
53932 
54772 
, 55612 

56992 - 57832 - 59032 
59932 
, 61252 . 62152 
,62992 
-64252 
,65092 
65932 

-66772 . 67612 . 68932 

,71512 

,h???2 . 70612 

0 

442 . 
0 

0 ., 54469 
0 55142 

0,93114 

0 , 94249 

0.92253 

0,93600 

0.94778 

0,96101 
0,96630 
Q-97304 

97833 
0 , 56101 
0.57592 

0 0 58939 
0,60045 
o , 60719 
0 ., 61681 
0,62402 
0.63460 
0,64182 
0,64855 
0,65866 
0,66539 
0,67212 
0,67886 

0,69618 

0,70964 
0.71686 

0,95308 

0,58265 

0.68559 

0-70291 

. _  . .  . .  

.. . 

woo12 
+0,022 
-0 049 
-0,115 
-0 130 
-0 e 142 
-0.208 
-0 0 210 
-0,257 
-0,306 
-0.354 
-0 , 404 
;0.035 
-tO.O!S 
w e 0 5 9  
+0.069 
W.082 
+0,080 
+0.087 
+o 079 
+0.0?8 

, -i-0;0?9 
W .  094 
i0.074 
i-O.097 
W.081 
~ ~ 0 7 2  
30,072 
-+o 099 

-to0094 
+o , 091 
+0,084 
W , 085 

-0 434 
-0 , 444 

-0 , 443 

$00097 

-0.389 

-0 473 

. ' 442.55494 
.56 l j 4  
,56874 
Q 57714 
, 58494 

.e59094 
. ,59964 
, 60594 
, 61434 

* -62.094 
63354 
, 64254 
,64854 * 

.65874,  
66474 
, 67314 

. . ,67914 
68814 . 69414 
, 70254 
-70854 

461 51441 
, 52461 . 

. 54321 
, 55161 
, 56061. 

. ,56901 
57741 

- . . 58581 

. 60321 
, 61161 

. -53301 

?n J i  01 r3y-rur - 

. .  
I . .  ' .  

0,01065 
0 01594 
0 , 0 21 71  
0 0 2845 
0 , 03470 

0 , 04649 
0.05154 
0 , 058 27 

0.08088 
0 . 08569 
0,09387 
0,09868 ' 

O.lOj4i 
0011022 
0 , 11744 
0,12225 
0.12898 
0 13379 
0.21062 
0.21879 
0 22553 
0 23371 
0 , 24044 
0.24765 
0 25439 
o , 26112 
o 26786 
G.2?50? 
0 , 28181 
0 .. 28854 
9.29961 

0 31380 
0.23638 

0.25490 

0 03951 

0.06356 
0 , 07366 

0030778 

o 244.56 

. .. 
.. ' , . . . .  

. .  

Am( c-v) 

-0,455 ' . 

-0.376 
-0,321 

-0.400 

-0 0 279 
-0 253 
-0,190 . .  
-0 a 153 
-0 , 114 
-0,081 
-0.030 
-0.001 

+o , 092 
-po.o9i 
-00,083 . 
W - 0 7 7  
+0,096 
w.100 
W.088 
W.089 
W.086 

099 
w,091 
w.109 
w.095 
+0-@93 
w.110 ' 

to.091 -. 

I .  ' 
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e, 

I JD Hel. ' . i a  
;! 2438000+ Phase Am(c-v) 

700.79687 0.04536 '-' -0,216 - .  . 
,80347 0,05665 - o . i a .  '. 
,81007 0.05594 -0.116 J 

JD Hel. 
2438000+s Phase Arn(c-v)' ', * 

.83458 0,87730 +0,037.  
7Q1.82738 0.87153 W.044- 

. -84058 0,88211 i0.032 - _ -  - _ _ _  _ -  - _  - - ##, 

. 8 1 6 0 j '  0.06075 -0.102 . . ;a4958 0,88933 GI031 "- 

,82207 0.06556 -0.091 . . .85558 0.89414 W.024 . 82867. 0 . 07086: -0 , 025 ..86158 0.89895 W.025 
083827 0.07855 -OeOOJ * ' s.86758 0,90376 W.028 

,87418 0.90905 to.009 
'~88018  0.91386 -0.005 . 

.84427 0.08336 w.006 
,85087 0.08865 $0.011- 

. ,86287 0.09827 $0.045 -894.58 0 . 92540 -0 . 046 

* ,88147 0.11319 4-0.036 ' , i90658 0.93502. -0.089 
,88747 0,11800S W.024 .91318 0.94032 -0.101 

,90667 0.13339. w . 0 6 9  + ,  -684.73 0.36058 W.078 
.91567 0.14060 a w.050 .69373 0.36780 -1-0.075 
,92167 0.14541 +0.045 .70033 0,37309 w . 0 7 6  

-71593 0.38560 W.067 
701,67438 0.74887 W . 1 0 7 '  

. -72223 0.39065 %o70 
-68278 0,75560 +0.100 

, ' .68878 0.76041 w . 0 9 6  
-69538 0.76570 w . 0 8 0  ' ' -73753 0,40291 +0.072 
-70558 0.77388 W . 0 8 4  .74353 0.40772 +0,059 -. 
-71758 0.78350 W.089 .75223 "0.41470 W.048 
.72358 0.78831 W.087 .75493 0.41686 W.060 
-72958 0.79312 W.079 .76063 0.42143 W.054 .'. 

-74878 0.80851 +0.100 
.75478 0.81333' +0.070 ,78403 O.MOl9 W.031 . 76078 0 . 81814 +O , 083 ..79093 0:44572 to.038 . 

,80053 0.45342 -0,007 ' ~ 5 6 7 8  oro8z?j  +0.063,, 

-78178 0.83497 w.056 -81373 0.46400 -0.016 

-82303 0.47146 +0.009 
, .79018 0.84171 W.055 ' 

-80338 0.85229 +0.047 .. 
.81418 0.86095 +0.'053 .83713 0.48276 .-0.007 

. 

-85687 0.09346 ' w . 0 3 2  '. ' -88858:  0.92059 -0,022 

I .87487 0.10789 W.025 ,90058 0.93021 -0.063 

,89527 ,0.12425 W.038 092098 0.94657 -0.157 
,90067 0.12858' $0.048 '. 793.67873 . 0.35577 We079 . 

070993 0-38079 +0.075 

,76993 0.42889 w.068 . 
077593 0.43370 W.064 . 

-73558 0.79793 ;tQ;087 

--/-e ! I  co31 -1 -77388 0.82864 W.071' .uuo>J c . . C J W & /  -!!-014' * 

,82093 0046977 -0i615 

*82963 o.4.7675 -o,022 
-79738 0.84740. +0.051 

082138 . 0,86612 M.057 ' :  * e84.4.33 9.48853 -0.Q31 
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Table 4a ' 'Continued --- 

. b  

.. . 

I 



.. 

JD Hel. . *  i *  JD Hel. 
2438000+ . Phase '' Am( 0-v) : ' .  2438000+ . Phase Am( c-v) 

I ?  
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Table 4b Observations of BV 267, Blue 

i 
't 

- - -- .__ -_ -- ._ *c 
I 
\ 

. ' JD Hel. . i -  50 Hel. 
2438000+ Phase Am(c-v)i . , .2438000+ Phase 

f -  

Am(c-v) ' . .  - 
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Table 4b \/'Continued I 

__ ._ - ._ - - 
. .  

. .  

. '  
Am(c-v) . 

W.374 
w.476 
W.465 . 
i-0.465 , 
W.467 ' 
W.456 . 
+o 453 
+o 453 
W.448 
w.439,  
W.432 * .  

W.435 .., 
w.436 - 
4-0.432 < .. 
W . 423 
W.414 . 
W.422 
W.416 
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Table 4b Continued ____ -- .- - 
I .  . . .  
. . . .  

._ - 
'7 

JD Hel. - ' 

. 2438000+ . Phase Am(c-v) Phase Am(c-v) , ' 
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I 

~ 

471 . 56934 0 . 27174 +O .435 “679.85520 0.25625 t.0.449 d .  

.57864 0.27919 +O.447 .86120 0.26106 +0.448 , . 

.58824 0.28689 W.440 ’ ’ 

.59604 0.29314 t.0.436 
-61194 0.30589 +0.445 

-86720 0.26587 +0.440 

.89120 -88280 o.28511 0.27838 +o.435 +0.442 
653.82443 0.38716 W.435 .89720 0.28992. +0.447 

e87410 0.27140 +0.430 *‘ 

-62124 0.31335 +0.450 

. 83043 0 . 39197 +O .432 ‘680.75632 0,97868 -0.047 . 83643 0.39678 +O. 431 1 f 076472 0.98542 -0.086 

.84783 0.40592 M.416 , -77312 OoggZl5 -0.127 ‘. 
-85503 0.41170 W.423 077912 0.99696 -0.134 
.86163 0.41699 +0.436 . .78512 0.00177 -0.138 - 

6’76.76593 0.77956 +0.453 , .79112 0.00658 ,-0.117 -77133 0.78388 +0.462 . . o79712 0.01139 -0.099 . 

6 ‘ .79953 0.80649 +O.442 ‘ ,80672 0.01909 -0.048 .80973 0.81467 +0.429 .81332 0.02438 -0.016 . I  

.81573. 0,81948 +0.437 . .81872 0.02871 +O.Ol7 . 83193 0.83247. +O . 400 -82592 0 . 03448 +O .062 

.84363 .0.84185 +0.411 . 83192 0 . 03929 +O . 089 

. 71780 0 . 14609 +o. 419 

.72620 ,0.15283 -+O.419 ’ 
. .73220 0.15764 +0.435 

75380 0 . 17496 +O . 415 
.76640 0.18506 +0.429 
.77480 0,19179 Ul.449 
.?8?&0 0.20189 ‘+0.424 *(. 

.79580 0.20863 +O.447 
< .  -80180 0.21344 +O.435 . 

-80840 0.21873 +0.441 

679.71180 0.141~8 w.419 . .84032 0.04603 +0.151 

-73820 0.16245 : +O.411 
.76040 0.18025 w.426 

,78140 0.19708* W.445 

. ’  -81680 . 0.22546 +0.439 . 
. 082340 0.23075 + O b 4 5 1  
82940 0 23557 +O 0433 
.83540 0.24038 M.448 

. .84260 0.24615 +0.452 
.84860 ,0.25096 +Ob454 , 

- 1  

I -  

1 .  
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, Table 4b\ Continued 
-- __----- 

\ 
' JD Hel. 
.. 2438000+ Phase Arn(c-v) 

.80467 0.05161 w.194 1 ,83308 0.87610 J.0.408. 

.81727 0.06172 +0.255 . .84838 0.88837 +0,413 . . 
-82327 0.06653. +0.272 .85438 0,89318 +0.408 . 
.82987 0.07182 +O.32O . .86O38 0.89799 +0.387 .< 

.84547 0.08432 +O.369 , *  .87298 0,90809 M.389 * 

. '-88738 0.91963 +0,334 
. .89338 0.92444 +0.324 .86467 0.09972 +O.398 . 

.89938 0.92925 +0.296 . . 

.90538 0.93406 i0 .269 
-87637 ' 0.10910 W.383 
,88267 0.11415 +O. 87 

.91138 0.93887 +OeZ51 
.go187 0.12954 M.408 

.. .90817 0.13459 +0.424 ,703.67753 0.35481 +Oe446 
.92287 0.14638. +0.408 *69253 0.36684 +0.448 I 

701.67558 0.74983 +O.467 . ' .69913 0.37213 +0.442 a 

. 
.69358 0.76426. +0.441 3 %  .72103 0.38968 +0.435 
*70438 0m77292 .73273 0.39906 +0.432 

~24-7a 0,78927 . +0.436 .75403 0,41614 +0.409 . 
.73078 0.79408 +O.b4l .75613 0.41782 +0.418 . 
.73678 0.79889 +O.417 .76273 ' 0.42312 +0.402 

JD Hel. :I 
I 2438000+ Phase . Am(c-v) . I -  

700.79567 0.04440 w.175 ..701.82618 * 0.87057 +0.418 

.8ii27 0.05691 +0.261 . 083938 0.88115 +O.406 8 

083947 - 0-07951 we356 ..86638 .0.90280 +0.393 
-85207 0.08962 +O.357 -87898 0.91290 +Om364 
085807 '*0.09443 +0,393 ' 

' ,92008 0.94585 +0.186-' 
-89527 0.12425 +O. 2 21 
,91687 0.14157 +0.409 .68353 0.35962 +0.434 I '  . ,  

I .  

.68128 0.75440 +O.451 - e70873 0.37982 +Om444 

.68758 0.75945 +0.441 , * 071473 0.38463 +Om437 

071278 0-77965 +O*,439 ' I '  ' , ,  .73873 0.40387 t.o.413 . . 
-71878 0.78446 +0.434 474473. 0.40868 +0.408 . 

,74998.'0.80948. +00433 ,76873 ,0.42793 +0.425 , :  
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. a  c 

0 

‘I 
, t... \ . 

. .  - _-- ___- -- - 
*! ‘1 

* I  . JD Hel. JD He1 
’ 2438000+, Phase Arn(c-v) .j! 2438000+ Phase Am(c-v) ; , 

----. 
X F -  - 
C‘ 

’ 707..88971 0.73175 +0.421. : 

-90171 0.74137 +0.447 i .87253 0.51114 +0.352 
.878j3 0.51595 +0.368 . .9lOll 0.74810 +0.422 ‘ 

.88573 0,52173 +0.361 714.62640 0.13261 +0.428 
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